The position of a visual pattern moving within a static aperture appears to be displaced in the direction of motion. This illusory position shift can be induced by luminance-defined as well as contrast-defined motion. The present study used a random-dot binocular correlogram in which a moving square-wave grating was solely defined by binocular correlations. This cyclopean motion was found to induce illusory position shift. Consistent with previous reports on position shift induced by second-order motion, the illusion was smaller than that found in the case of the first-order motion. This pattern of results unequivocally demonstrates the existence of a binocular mechanism mediating this illusion.
Introduction
The motion information contained in visual objects can influence their perceived positions. A number of previous psychophysical investigations have convincingly demonstrated that the position of a moving object appears to be shifted in the direction of motion (Chung, Patel, Bedell, & Yilmaz, 2007; De Valois & De Valois, 1991; Hayes, 2000; Nishida & Johnston, 1999; Ramachandran & Anstis, 1990; Snowden, 1998) . In a study by De Valois and De Valois (1991) , three Gabor patches containing vertically oriented sinusoids were aligned vertically, and the carrier sinusoid of the middle patch drifted horizontally while its envelope and the remaining patches remained stationary. As a result, the middle patch appeared to be displaced horizontally in the direction of motion. Other studies have used two moving Gabor patches that were aligned vertically and moved horizontally and reported an apparent misalignment between the two patches, each of which appeared as displaced in the direction of its motion (Bressler & Whitney, 2006; McGraw, Whitaker, Skillen, & Chung, 2002) .
The functional significance of this illusion has been under debate. Position can be represented in early stages of the visual system by the retinal positions of the receptive fields of the activated neurons (Wang & Levi, 1994) . However, non-negligible positional uncertainties usually result from a number of factors including spatial blurs of individual receptive fields, noisy ensemble firings of a population of activated neurons, and spatial properties of visual images on the retina. Thus, it is natural for the visual system to make use of all available input signals to estimate the current position of an object as accurately and as precisely as possible, and one such signal would be motion information. If the accurate current velocity of the object is directly accessible but its current position is not, the system could temporally integrate velocity to recover position. Velocity-based estimation of position might also be useful for counteracting delays in neural processing. By the time the visual input from the object is registered in the brain, the object in the outer world has already traveled some distance, which can be calculated as the product of velocity multiplied by neural delay. By using velocity information rather than the receptive-field positions of currently excited neurons, the visual system might be able to estimate current position more accurately (Nijhawan, 1994) . In addition, some researchers have proposed that motion-induced position shift might be a manifestation of gain control mechanisms in the visual system. In natural viewing, a moving object shifts its position along the motion trajectory. Because of visible persistence or sluggish temporal responses, light stimulation at a particular point of the visual field persists neurally for a brief time, leading to motion blur along the trajectory. To maintain a clear view of a moving object, the visual system may actively deblur the visual responses by reducing the effective contrasts of previous positions (Burr & Morgan, 1997; Morgan & Benton, 1989) . Such direction-dependent gain controls may cause an illusory position shift of the neurally represented contrast envelope of a drifting Gabor patch (Chung et al., 2007) .
A few reports have addressed the possible underlying mechanisms of this illusion. The activation pattern of a neural population in response to visual stimulation can be mapped onto the retinotopic maps of early visual areas. In the salamander and rabbit retinae (Berry II, Brivanlou, Jordan, & Meister, 1999) (Jancke, Erlhagen, Schöner, & Dinse, 2004) and the monkey area V4 (Sundberg, Fallah, & Reynolds, 2006) , the neural activation is spatially shifted in the direction of motion on the visual topography. In a human brain imaging study, greater activation in early visual representation was found in one side of a moving Gabor patch; however, this side was actually the side opposite to the direction of motion, possibly suggesting active neural masking of previous positions along a motion trajectory (Whitney et al., 2003) .
The abovementioned physiological findings suggest the existence of neural correlates of the illusion in early visual cortical areas. However, none of these previous psychophysical studies has directly addressed the question of the cortical site responsible for the illusion. Therefore, in the present study, we examined whether the illusion is processed monocularly or binocularly. Specifically, we investigated whether a motion stimulus that is only visible to the cyclopean eye can induce position shifts.
A few previous studies have examined the role of binocular disparity in illusory position shift. For example, Tsui, Khuu, and Hayes (2007) reported an illusory shift of position-in-depth induced by motion-in-depth, using a virtual three-dimensional cylindrical shape filled with random dots moving coherently in depth with disparity changes. However, although their study clearly demonstrated the generalization of the motion-induced position shift to three-dimensional space, it did not distinguish whether a stereo matching process was followed by some process for position shift in depth representation, or whether monocular retinal position shift was processed first and followed by stereo matching. Edwards and Badcock (2003) demonstrated that an illusory shift of position-in-depth can be induced by motion-indepth defined by radial optic flow and can be canceled by stereo depth. Their study showed an interplay between two independent depth cues, namely radial optic flow and binocular disparity, and such an interplay itself must take place in the binocular stage. However, the cortical site for the illusory shift of the positionin-depth was not identified from this experiment because radial optic flow was visible at any stage of the visual-processing hierarchy. It is theoretically possible that the monocular stage has solved position-in-depth based on optic flow before interactions across various depth cues take place.
To segregate monocular and binocular contributions to this illusion, the present study used cyclopean motion (Fig. 1) . Each monocular stimulus was a featureless random-dot pattern but when the binocular stimuli were fused, a clear vertical grating emerged for the cyclopean eye. To maximize pattern visibility, we used a square-wave grating defined by binocular correspondence. This grating constantly changed its phase over time within a static contrast envelope. Therefore, the motion was visible only in the binocular stage, whereas only featureless noise was visible to each monocular pathway prior to binocular fusion. If the illusion were mediated by the monocular stage exclusively, no position shift should occur in this cyclopean motion. Conversely, if a shift occurred, it would be clear evidence for the involvement of the binocular stage.
Methods

Subjects
This study followed Declaration of Helsinki guidelines and was approved by the Ethics Committee, the College of Arts and Sciences, the University of Tokyo. The second author and five naive subjects participated (aged 18-24). Each subject gave written informed consent and passed a battery of tests of visual acuity, astigmatism, and stereopsis.
Equipment
The stimulus was presented in a dark room on a CRT monitor (Mitsubishi Electric RDF233H; 1024 Â 768 pixels; refresh rate 120 Hz; the maximum luminance was 109 cd/m 2 as measured by a monitor-attachable colorimeter, Cambridge Research System ColorCAL) controlled by a computer (Apple PowerMac G5) with a stereo videocard (NVIDIA Quadro FX 4500). The stereo sync signals from the videocard were fed into an infrared emitter (StereoGraphics E2 Emitter), which in turn sent sync signals optically to goggles with liquid-crystal shutters (StereoGraphics CrystalEyes 3). Each subject wore the goggles and placed his head onto a chin rest. The viewing distance was 60 cm. Every odd frame of the display signals was optically delivered to the left eye, whereas every even frame was delivered to the right eye; thus, the effective refresh rate for each monocular stimulation was halved to 60 Hz, and the effective luminance was attenuated accordingly. The programming environment MATLAB (Mathworks) and the Psychophysics Toolbox (Brainard, 1997) were used to generate all stimuli.
Stimuli
A dynamic random-dot binocular correlogram was used for the cyclopean motion stimulus. Each eye received a random-dot pattern spatially tapered by an isotropic two-dimensional Gaussian contrast envelope (s.d. = 2.91°of arc). The luminance of each dot was randomly chosen from a uniform probability density spanning from the minimum to the maximum. The contrast of each dot was determined by multiplying the dot's luminance relative to the mean luminance by the value of the Gaussian function at the dot's position. The background was maintained at the mean luminance. The contrast envelope had a common shape with zero disparity between eyes. The random-dot pattern had a square-wave modulation (100% vs. 0%) of binocular correlation along the horizontal dimension with the fundamental spatial frequency of 0.49 c/deg (Fig. 1C ). In the stripes with 100% correlation, we added a crossed disparity of 0.51°to aid perceptual solution of intrinsic border ownership for the blurry edge of the Gaussian envelope (Shimojo, Silverman, & Nakayama, 1989) . The pattern was refreshed every frame. The phase of the square wave was shifted by a constant distance every frame, so that, when fused, the stripes would appear to move coherently and constantly at 3.49 deg/s leftward or rightward. When viewed monocularly, this stimulus was only dynamic noise.
For comparison between the first-order and second-order motions, we also tested two kinds of luminance-defined gratings. The first was a high-contrast grating, in which the darker and brighter stripes contained random dots having relative luminances chosen from 0 to 0.5 and 0.5 to 1, respectively, where 1 indicates the maximum luminance of the monitor. In other words, this pattern was the linear sum of a 50%-contrast square-wave signal and 25%-contrast random pixel noise. The other luminance-defined motion was a low-contrast one, in which the darker and brighter stripes had luminances chosen from 0.48 to 0.5 and 0.5 to 0.52, respectively. In other words, this pattern was the linear sum of a 2%-contrast square-wave signal and 1%-contrast random pixel noise. In both cases, the grating pattern was visible to all subjects. As in the cyclopean motion, the dot pattern was refreshed every frame. Via the same stereoscopic equipment, the same pattern was presented to both eyes. Other parameters were identical to those of the cyclopean motion stimulus.
In each trial, two such motion stimuli of the same stimulus attribute were presented above and below a fixation spot. The fixation spot with a Nonius stimulus was constantly placed at the center of the monitor. The distance between the central fixation spot and the center of each motion stimulus was 2.72°of arc. To aid stereoscopic fusion, a square-shaped frame (20.66°Â 20.66°) composed of black lines having a crossed disparity of 0.51°was constantly presented concentrically with the fixation spot. The fixation spot and this square frame remained on the monitor throughout an experimental session.
Procedure
The top and bottom stimuli appeared and moved in opposite directions. Three conditions were tested: under the Top-Left condition, the top stimulus moved leftward and the bottom stimulus moved rightward; under the Top-Right condition, the top stimulus moved rightward and the bottom stimulus moved leftward; under the Static condition, the grating did not move.
If the illusion of motion-induced position shift occurred, the stimuli should appear to be spatially offset relative to each other when they were physically aligned. To determine the point of subjective alignment (PSA), the two motion stimuli actually had horizontal spatial offsets chosen from the range of ±15.2 0 for the cyclopean motion and ±54.3 0 for the luminance-defined motion. The top and bottom stimuli were offset by an equal amount and in opposite directions.
In each trial, the top and bottom stimuli were presented for 2 s. The subject was requested to press one of two keys to indicate the perceived spatial relationship between the two gratings in a twoalternative forced-response fashion; i.e., the subject indicated whether the top stimulus appeared to the left or to the right of the bottom stimulus. The response triggered the next trial, which started 1 s later.
The method of constant stimuli was used. Each experimental session consisted of 108-120 trials, in which the Top-Left, TopRight, and Static conditions were randomly intermingled. Each subject completed 12 sessions for each of the three stimulus attributes (one cyclopean motion and two luminance-defined motions). This resulted in 48 repeated trials for each point of each psychometric function. After each session, the subject took a break for at least 5 min outside the dark room.
Results
Each subject was tested with the cyclopean motion and the luminance-defined motion. In Fig. 2 , we plotted the psychometric functions for the cyclopean motion for one subject, YK (the second author). The PSA, i.e., the actual spatial offset that corresponded to the probability of 0.5, was determined by fitting the data with the Weibull function.
Under the Static condition, the PSA was located at approximately 0 0 , indicating that this particular subject had no clear subjective bias in judging vertical alignment. The other two conditions, however, resulted in clear deviations from the Static condition. The PSA for the Top-Left condition was shifted positively. At 0 0 physical offset, the probability of seeing the top stimulus as located to the right was much less than 0.5. Thus, vertically aligned stimuli appeared to be misaligned: the top stimulus moving to the left appeared to be shifted to the left, and the bottom one moving right appeared to be shifted right, relative to each other. In order to obtain perceptual alignment, the top stimulus needed to be physically displaced by 7 0 to the right of the bottom one. The psychometric function for the Top-Right condition was shifted in the direction opposite to the case of the Top-Left condition. In both moving conditions, therefore, the moving stimulus appeared to be displaced in the direction of motion. This particular subject also exhibited shallower slopes indicating poorer sensitivities for misalignment when the stimuli were moving.
For the same subject, we plotted the psychometric function for the luminance-defined motion (Fig. 3) . The same pattern of results was obtained; namely, vertically aligned stimuli were perceived as misaligned, with each stimulus appearing to be displaced in the direction of motion. However, the effect was far stronger than in the case of the cyclopean motion: the PSAs for the motion conditions were approximately 50 0 . In addition, the perceived position shift occurred to roughly the same degree irrespective of luminance contrast. The PSA data for all subjects were plotted as a bar chart (Fig. 4) . The top panel (A) indicates the results for the cyclopean motion. The bootstrap technique with 5000 iterations revealed a significant difference between the Top-Left and Top-Right conditions for all subjects (p < .01 for YK, SO, NT, TI, and MM; p < .05 for SM). In addition, significant differences between the Top-Left and Static conditions, and between the Top-Right and Static conditions, were also confirmed for four subjects (p < .01 for YK, NT, and MM; p < .05 for SO). The middle panel (B) presents the results for the high-contrast luminance-defined motion. Differences for all pairs of the three conditions were statistically significant (p < .0001 for all subjects). The bottom panel (C) gives the results for the low-contrast luminance-defined motion. Again, all differences were significant (p < .0001 for all subjects).
We quantified the average PSA as the difference in the PSAs between the Top-Left and Top-Right conditions divided by two. These average PSAs for the three stimulus attributes were plotted in Fig. 5 , in which a greater value on the bar chart indicates a larger position shift in the direction of motion. As noted above, all data plotted in this figure were statistically significant. Therefore, the motion-induced position shift was observed for the cyclopean motion as well as for the luminance-defined motions. However, the absolute values of the illusion strength were quite different. For all subjects (except subject SO for the high-contrast condition), the average displacement for the luminance-defined motion was approximately 50 0 , and we found no clear difference in illusion strength between the contrast levels. On the other hand, the cyclopean motion resulted in only small, but statistically reliable, illusory displacements of around 5 0 for all subjects. Therefore, the difference in illusion strength between the cyclopean motion and the luminance motion cannot be ascribed simply to a difference in effective contrast that is necessary for conveying motion signals.
In a preliminary experiment, we also confirmed that the difference could not be ascribed simply to a difference in multiples of motion detection threshold. The low-contrast luminance pattern was only barely visible, but its motion direction was still discernable if speed was reduced by 1/20, whereas a cyclopean motion at 1/4 speed was no more distinguishable. Thus, we repeated the illusory position shift experiment for two subjects, by using the low-contrast luminance stimulus moving at the speed only four times as fast as the minimum motion threshold that had been determined for each subject. The resulting average PSA was 53.0 0 (for motion at 0.62 deg/s) for subject IM and 40.6 0 (for motion at 0.73 deg/s) for subject RH, roughly comparable to the data for the luminance-defined motion in the main experiment (Fig. 5) . Therefore, the position shift based on luminance motion seemed to be saturated during the duration of 2 s.
We also analyzed the discrimination threshold for spatial offset under each condition; i.e., in each psychometric function, we iden- tified the points corresponding to the probability of 0.75 and 0.25 and divided their difference by two. For the six subjects, the threshold under the moving condition (the data under the Top-Left and Top-Right conditions were averaged) was plotted against the threshold under the Static condition (Fig. 6) . Compared to the Static condition, the moving condition tended to result in poorer sensitivities, especially when the subject judged the spatial offset of the luminance-defined motion. However, we found no clear difference in discrimination threshold between stimulus attributes (different symbols in Fig. 6 ). On average across subjects, the cyclopean motion gave the spatial-offset threshold of 8.8 0 , whereas the highcontrast and low-contrast luminance motions resulted in 9.5 0 and 9.9 0 , respectively. These three values were not significantly different. By using the vertical distance between the two moving stimuli (326.4 0 ), these values could be converted to the orientation of the line connecting the centers of the top and bottom stimuli. This analysis resulted in the orientation threshold of 1.55°from the vertical for the cyclopean motion, 1.67°for the high-contrast luminance motion, and 1.74°for the low-contrast luminance motion. Therefore, the large difference in PSA between the cyclopean motion and the luminance-based motion (Fig. 5) did not accompany any systematic difference in sensitivity.
Discussion
Since the original finding of motion-induced position shift by Ramachandran and Anstis (1990) and De Valois and De Valois (1991) , researchers have confirmed this effect in several motion types by using a variety of stimulus configurations including the contrast-defined second-order motion stimuli (Bressler & Whitney, 2006; Pavan & Mather, 2008) , motion-in-depth stimuli (Edwards & Badcock, 2003; Tsui et al., 2007) , and even static stimuli after motion adaptation (McGraw et al., 2002; Nishida & Johnston, 1999) . However, none of these previous studies revealed the existence of a responsible cortical site in binocularly converged stages. The present study is the first to test cyclopean motion, i.e., the motion signal that is defined by binocular correspondence and thus invisible to monocular neurons. Our finding that illusory position shift could be induced by cyclopean motion convincingly demonstrates the involvement of the binocular stage.
Although the experimental paradigm was quite different, a motion-aftereffect study has drawn a theoretically similar conclusion (McGraw et al., 2002) : the apparent position shift of a display of motion aftereffect (Nishida & Johnston, 1999; Snowden, 1998 ) also occurred when the subject saw the interocular transfer of the motion aftereffect. Because the transfer between eyes is usually interpreted as motion adaptation that takes place in the binocular stage, the position shift seen in the motion aftereffect could be interpreted as occurring in the same binocular stage. However, the pattern of effect size in this previous report was quite different from our results. Whereas we found much weaker illusion strength in the cyclopean motion, the position shift based on the motion aftereffect occurred equally strongly whether the test stimulus was observed with the same eye or the opposite eye. How could this difference be reconciled? One possibility is the ceiling effect: the motion aftereffect observed in McGraw et al.'s study might be strong enough to elicit the maximum position shift under all conditions. Another idea is that the responsible site for the illusion is located in the binocular stage only (also see the discussion below), but there is a critical difference in stimulus attributes between the two studies. McGraw et al. used a luminance-defined Gabor patch and found robust effects across different spatial frequencies and contrasts. A similar immunity to luminance contrast manipulation was also confirmed in the present study as long as luminance-defined stripes were used. The comparison with the luminance modulations revealed that the illusory position shift induced by the cyclopean motion was much weaker than that induced by luminance-defined motion (Fig. 5) . According to this idea, we would predict that, if cyclopean motion were used as the adapting stimulus, there would be great reduction in the position shift seen in the motion aftereffect.
Previous investigations also revealed that the illusory position shift induced by contrast-defined motion was weaker than that induced by luminance-defined motion (Bressler & Whitney, 2006; Pavan & Mather, 2008) . Because both the contrast-defined motions of these earlier studies and our motion stimulus defined by binocular correspondence belong to the category of second-order motion, we could summarize that the second-order motion stimulus induces a significant position shift, but the effect is weaker than that of the first-order luminance-based motion stimulus. It is widely accepted that first-order and second-order motions have distinct processing pathways with little interaction (Cavanagh & Mather, 1989; Derrington & Badcock, 1985; Edwards & Badcock, 1995; Ledgeway & Smith, 1994; McCarthy, 1993; Nishida & Sato, 1995; Seiffert & Cavanagh, 1999) . The difference in illusion strength found in the present study presumably reflects different mechanisms for different types of motion. To speculate about the functional significance of this difference in illusion strength, we suggest that the visible persistence of contrast-defined and cyclopean gratings might be much shorter than that of luminance-defined patterns and might require a much less directiondependent gain control, or motion deblurring, for a clear view of moving objects.
From the pattern of the present results, we discuss possible processing diagrams. First, the responsible site of the illusory position shift may reside only in the binocular stage. If so, the first-order motion signals somehow have a greater impact than the secondorder motion signals on this common site. The first-order motion could already entail stronger biological signals prior to this site, or it could have a higher input gain at this site. In either case, the advantage of the first-order motion must be invariant to luminance contrast because equally strong effects were induced by luminance-defined motions with 50% contrast and 2% contrast. Second, two independent underlying mechanisms of the illusory position shift might exist in the monocular stage and binocular stage. According to this scheme, one possibility would be that the luminance-defined motion is mainly processed in the lower monocular stage, whereas the cyclopean motion is only processed in the higher binocular stage. The monocular and binocular mechanisms might have different response characteristics, giving rise to the observed difference between motion types. Third, assuming such a dual-process structure, it could also be argued that the first-order motion passes through the monocular and binocular stages sequentially, and thus the observed effect should be the sum of the independent effects of the lower and higher mechanisms. In contrast, the cyclopean motion bypasses the lower monocular mechanism and only feeds into the higher binocular mechanism, resulting in compromised illusion strength. The present study cannot resolve these possibilities, but the hypothesis of a dual-process structure has some empirical support insofar as the illusory shifts due to the first-order and second-order motions show different dependences on spatial and temporal frequencies (Bressler & Whitney, 2006) . What neurophysiological loci might correspond to the functional processing stages discussed so far? The monocular stage is most likely located at area V1 because this area satisfies two requirements, namely directional selectivity and ocular dominance in response to luminance-based light stimulation (Hubel & Wiesel, 1968) . In contrast, the computations for cyclopean motion are more complicated because the binocular correspondence of luminance must be detected by binocularly sensitive neurons, and motion correspondence must be detected. The contrast-defined motion stimulus is arguably processed in primary and higher processing areas (Ashida, Lingnau, Wall, & Smith, 2007; Nishida, Sasaki, Murakami, Watanabe, & Tootell, 2003; Seiffert, Somers, Dale, & Tootell, 2003; Smith, Greenlee, Singh, Kraemer, & Hennig, 1998) via early nonlinear processing (e.g., variance) and subsequent motion-energy detection with a coarser spatial scale than that of the luminance-based energy detection that could occur in V1 (Lu & Sperling, 2001; Wilson, Ferrera, & Yo, 1992) . Likewise, cyclopean motion could be processed by early nonlinear processing (e.g., binocular covariance) and subsequent motion-energy detection that might be shared with contrast-defined motion processing. Since V2 neurons are sensitive for cyclopean edges (Bredfeldt & Cumming, 2006; von der Heydt, Zhou, & Friedman, 2000) , neural codes for the present illusion may exist as early as this area.
Current physiological knowledge suggests that, of all possible cortical areas, area MT/V5 may be one of the most likely candidates of the underlying mechanism. First, most of MT/V5 cells are directionally selective and also disparity sensitive (Bradley & Andersen, 1998; DeAngelis, Cumming, & Newsome, 1998) . Second, transcranial magnetic stimulation delivered to this cortical region in the human brain disrupted the illusory position shift that would usually be seen in the motion aftereffect. Third, our research group recently found that a position shift was also induced by perception of pattern motion in a plaid stimulus (Hisakata & Murakami, 2009) , in which area MT/V5 is believed to play a major role (Movshon, Adelson, Gizzi, & Newsome, 1985) .
Because the motion in our display was perceived, some might argue that some high-level mechanism based on attention is the sole determinant factor. However, there are several counterarguments. First, the attention hypothesis cannot account for the systematic difference in illusion strength between the luminance motion and cyclopean motion. Second, no previous study has demonstrated that attention is a sufficient condition for the illusion type we investigated, namely the illusory shift of the position of the moving stimulus itself as originally reported by De Valois and De Valois (1991) . Third, contrary to the attention hypothesis, previous studies have shown that position shift occurs even if the critical stimulus is out of awareness, for luminance-defined motion as well as contrast-defined one (Harp, Bressler, & Whitney, 2007; Whitney, 2005) .
Although we used a binocular correlogram in this study, more complex visual representations related to perceived depth might also be used to induce position shift. Indeed, a few studies have suggested the involvement of three-dimensional motion processing in this illusion (Edwards & Badcock, 2003; Tsui et al., 2007) . Thus, one question we plan to address in a future study is whether motion-induced position shift occurs in the frontoparallel motion of a grating defined by stereo and other depth cues, rather than by the binocular correspondence for which simple covariance detection, not depth coding, is sufficient for energy-like computation to subsequently occur. A recent report found that the motion of a motion-defined pattern with hard edges failed to induce position shift (Maruya, Kanai, & Sato, 2008) , and thus a similar failure might conceivably be found in a depth-defined pattern moving in a frontoparallel fashion. Contrary to this prediction, the depth-defined pattern with no hard edges might bias position perception, as was recently reported by Durant and Zanker (2009) , who used moving motion-defined Gabor patterns and found a significant position shift.
Another question yet to be addressed is whether a monocular processing stage for illusory position shift really exists. One could resolve this question by examining whether illusory position shifts differently induced to left-eye and right-eye images could serve as an artificial binocular disparity to constrain perceived depth. To do this, an innovative method must be developed to suppress binocular rivalry between two moving carrier patterns moving oppositely for the two eyes.
Conclusion
The illusion of motion-induced position shift occurred in the cyclopean motion in which the grating in every frame was defined by binocular correspondence, although the magnitude of the illusion was much smaller than in the case of luminance-based motion. The results indicate the existence of a binocular mechanism that is responsible for the position shift illusion.
